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ABSOLUTE MAXIMUM RATINGS

ELECTRICAL CHARACTERISTICS
(VDD = +3.3V, VDDA = +3.3V, TA = +25°C, unless otherwise noted.) (Note 1)

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

Voltage Range on VDD Relative to Ground ...........-0.5V to +6.5V
Voltage Range on VDDA Relative to Ground .........-0.5V to +6.5V
Voltage Range on Any Pin Relative to Ground

Pins CPA1, CPA2, CPB1, CPB2, and VUP .........-0.5V to +7.5V
All Other Pins...........................................-0.5V to (VDD + 0.5V)

Maximum Junction Temperature .....................................+125°C

Maximum Power Dissipation (TA = -25°C).......................900mW
Storage Temperature Range .............................-55°C to +150°C
Soldering Temperature .......................................See IPC/JEDEC 

J-STD-020 Specification

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Digital Supply Voltage VDD  2.7  6.0 V 

Step-Up Converter Supply 
Voltage 

VDDA  VDD  6.0 V 

Cards Inactive fXTAL = 0MHz   0.9 Power-Down 
VDD Current Cards Active 

IPD
fXTAL = 0MHz, fCLK = 0MHz, VCCx = 5V   2.2 

mA 

Sleep Mode VDD Current  
(Cards Active) 

ISTOP fCLK = 0MHz, VCCx = 5V   24 mA 

Active VDD Current 
5V Cards 

IDD

3x VDD step-up: 
ICCA + ICCB = 80mA, VDD = 2.7V,  
fXTAL = 20MHz, fCLK = 10MHz 

  325 mA 

2x VDD step-up: 
ICCA + ICCB = 80mA, fXTAL = 20MHz,  
fCLK = 10MHz, VDD = 2.7V 

  225 
Active VDD Current 
3V Cards 

IDD
No step-up: 
ICCA + ICCB = 80mA, fXTAL = 20MHz,  
fCLK = 10MHz, VDD = 5V 

  120 

mA 

VRST Threshold voltage (falling) 2.1  2.5 V 
Power-Fail Reset Voltage 

VHYS Hysteresis 50  170 mV 

Reset 
Threshold 

VDRST   1.25  

Output Voltage VDO    
VDD + 

0.3 

V

VDELAY = 0V  -2  μA 
Output Current IDO

VDELAY = VDD  +2  mA 

Delay Pin 

Output 
Capacitance 

CDO  1   nF 

RSTOUT PIN       

Output High Voltage VOHRSTO IOH = -1mA 
0.8 x 
VDD

VDD + 
0.3 

V

Output Low Voltage VOLRSTO IOL = 2mA -0.3  +0.4 V 

Leakage Current IL VOL = 0V, VOH = 5V -10  +10 μA 
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ELECTRICAL CHARACTERISTICS (continued)
(VDD = +3.3V, VDDA = +3.3V, TA = +25°C, unless otherwise noted.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Alarm Pulse Width tW CDELAY = 22nF  10  ms 

External crystal 4  20 
External Clock Frequency fXTAL

External oscillator 0  20 
MHz 

Internal Oscillator fINT  1.6 2.5 3.7 MHz 

3x step-up  5.7  
Voltage on VUP Pin VUP

2x step-up  4.1  
V

Voltage Detection of VDDA for 2x, 
3x Step-Up 

VDET  3.35 3.50 3.60 V 

Shutdown Temperature TSD   +150  °C 

Output Low 
Voltage 

VOLRST IOLRST = 1mA 0  0.3 V Card 
Inactive 
Mode Output Current IOLRST VOLRST = 0V 0  -1 mA 

Output Low 
Voltage 

VOLRSTL IOLRST = +200μA 0  0.3 

Output High 
Voltage 

VOHRSTH IOHRST = -200μA 
VCCx – 

0.5 
 VCCx

V

Rise Time tRRST CL = 30pF   0.1 

Fall Time tFRST CL = 30pF   0.1 
μs 

Shutdown 
Current 

IRST(SD)   -25  

RSTx 
Pins Card 

Active 
Mode 

Current 
Limitation 

IRST(LIMIT)  -25  +25 

mA 

Output Low 
Voltage 

VOLCLK IOLCLK = 1mA 0  0.3 V Card 
Inactive 
Mode Output Current IOLCLK VOLCLK = 0V 0  -1 mA 

Output Low 
Voltage 

VOLCLK IOLCLK = +200μA 0  0.3 

Output High 
Voltage 

VOHCLK IOHCLK = -200μA 
VCCx – 

0.5 
 VCCx

V

Rise Time tRCLK CL = 30pF (Note 2)   8 

Fall Time tFCLK CL = 30pF (Note 2)   8 
ns 

Card 
Active 
Mode 

Current 
Limitation 

ICLK(LIMIT)  -70  +70 mA 

Idle configuration (1MHz) 1  1.85 

CLKx 
Pins 

Clock Frequency fCLK
Operational 0  10 

MHz 

 Duty Factor  CL = 30pF 45  55 % 
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ELECTRICAL CHARACTERISTICS (continued)
(VDD = +3.3V, VDDA = +3.3V, TA = +25°C, unless otherwise noted.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Output Low 
Voltage 

VCCx ICC = 1mA 0  0.3 V Card 
Inactive 
Mode Output Current ICC VCCx = 0V 0  -1 mA 

ICC(5V) < 65mA 4.75 5.00 5.25 

ICC(3V) < 50mA 2.78 3.00 3.22 

ICC(1.8V) < 30mA 1.65 1.80 1.95 

5V card, current pulses of 40nC with  
I < 200mA, t < 400ns, f < 20MHz 

4.6  5.4 

3V card, current pulses of 24nC with  
I < 200mA, t < 400ns, f < 20MHz 

2.75  3.25 

Output Low 
Voltage 

VCCx

1.8V card, current pulses of 12nC with  
I < 200mA, t < 400ns, f < 20MHz 

1.62  1.98 

V

VCCx(5V) = 0 to 5V   -65 

VCCx(3V) = 0 to 3V   -50 Output Current ICC

VCCx(1.8V) = 0 to 1.8V   -30 

Total Current 
(Two Cards) 

ICC(A+B)    -80 

Shutdown 
Current 

ICC(SD)   -100  

mA 

VCCx
Pins Card 

Active 
Mode 

Slew Rate VCCSR Up/down, C < 300nF (Note 3) 0.05 0.16 0.05 V/μs 

Output Low 
Voltage 

VOLIO IOLIO = 1mA 0  0.3 V 

Output Current IOLIO VOLIO = 0V 0  -1 mA 
Card 
Inactive 
Mode Internal Pullup 

Resistor 
RPULLUP To VCCx 9 14 19 k

Output Low 
Voltage 

VOLIO IOLIO = 1mA 0  0.3 

IOHIO  -20μA 0.8 x VCCx VCCxOutput High 
Voltage 

VOHIO
IOHIO  -40μA (3V/5V) 0.75 x VCCx VCCx

V

Output 
Rise/Fall Time 

tOT CL = 30pF   0.1 μs 

Input Low 
Voltage 

VILIO  -0.3  +0.8 

Input High 
Voltage 

VIHIO  1.5  VCCx

V

Input Low 
Current 

IILIO VILIO = 0V   700 

Input High 
Current 

IIHIO VIHIO = VCCx   20 
μA 

Input Rise/Fall 
Time 

tIT CL = 30pF   1.2 μs 

I/Ox 
Pins 

Card 
Active 
Mode 

Current 
Limitation 

IIO(LIMIT)  -25  +25 mA 
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ELECTRICAL CHARACTERISTICS (continued)
(VDD = +3.3V, VDDA = +3.3V, TA = +25°C, unless otherwise noted.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Output Low 
Voltage 

VOLC48 IOLC48 = 1mA 0  0.3 V 

Output Current IOLC48 VOLC48 = 0V 0  -1 mA 
Card 
Inactive 
Mode Internal Pullup 

Resistor 
RPULLUP Between C4 or C8 and VCCx 6 10 14 k

Output Low 
Voltage 

VOLC48 IOLC48 = 1mA 0  0.3 

IOHC48  -20μA 0.8 x VCCx VCCxOutput High 
Voltage 

VOHC48
IOHC48  -40μA (3V/5V) 0.75 x VCCx VCCx

V

Output 
Rise/Fall Time 

tOT CL = 30pF   0.1 μs 

Input Low 
Voltage 

VILC48  -0.3  +0.8 

Input High 
Voltage 

VIHC48  1.5  VCCx

V

Input Low 
Current 

IILC48 VILIO = 0V   850 

Input High 
Current 

IIHC48 VIHIO = VCCx   20 

μA 

Input Rise/Fall 
Time 

tIT CL = 30pF   1.2 μs 

Pullup Pulse 
Width 

tWPU Active pullup  200  ns 

C4x, 
C8x 
Pins 

Card 
Active 
Mode 

Operating 
Frequency 

fMAX On card contact pins   1 MHz 

TIMING       

Activation Sequence Duration tACT See Figure 9   130 μs 

Deactivation Sequence Duration tDE See Figure 9   150 μs 

PRESA/PRESB PINS       

Input Low Voltage VILPRES   0.25 x VDD V 

Input High Voltage VIHPRES  0.7 x VDD  V 

Input Low Current IILPRES VILPRES = 0V   40 μA 

Input High Current IIHPRES VIHPRES = VDD   40 μA 

I/OAUX PIN       

Internal Pullup Resistor RPULLUP Between I/OAUX and VDD 9 14 19 k

Output Low Voltage VOLAUX IOLAUX = 1mA   0.3 V 

Output High Voltage  VOHAUX IOHAUX = 40μA (3V/5V) 0.75 x VDD VDD V 

Output Rise/Fall Time tOT CL = 30pF   0.1 μs 
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ELECTRICAL CHARACTERISTICS (continued)
(VDD = +3.3V, VDDA = +3.3V, TA = +25°C, unless otherwise noted.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Input Low Voltage VILAUX  -0.3  
0.3 x 
VDD

V

Input High Voltage VIHAUX
0.7 x 
VDD

 VDD V 

Input Low Current IILAUX VILAUX = 0V   700 μA 

Input High Current IIHAUX VIHAUX = VDD -20  +20 μA 

Input Rise/Fall Time tIT CL = 30pF   1.2 μs 

INTERRUPT PIN       

Output Low Voltage VOLINT IOH = 2mA   0.3 V 

Input High Leakage Current ILIHINT    10 μA 

D7 TO D0, ALL OTHER LOGIC PINS      

Output Low Voltage VOLD IOLD = +5mA   
0.2 x 
VDD

V

Output High Voltage VOHD IOHD = -5mA 
0.8 x 
VDD

 VDD V 

Output Rise/Fall Time tOT CL = 50pF   25 ns 

Input Low Voltage VILD    
0.3 x 
VDD

V

Input High Voltage VIHD
0.7 x 
VDD

  V 

Input Low Current IILD  -20  +20 μA 

Input High Current IIHD  -20  +20 μA 

Load Capacitance CLD    10 pF 

Note 1: Operation guaranteed at -40°C and +85°C but not tested.
Note 2: Parameters are guaranteed to meet all ISO 7816, GSM11-11, and EMV 2000 requirements. For the 1.8V card, the maxi-

mum rise and fall time is 10ns.
Note 3: Parameter is guaranteed to meet all ISO 7816, GSM11-11, and EMV 2000 requirements. For the 1.8V card, the minimum

slew rate is 0.05V/μs and the maximum slew rate is 0.5V/μs.
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AC ELECTRICAL SPECIFICATIONS—TIMING PARAMETERS FOR MULTIPLEXED 
PARALLEL BUS
(VDD = 3.3V, VDDA = 3.3V, TA = +25°C, unless otherwise noted.) (Figure 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

XTAL1 Cycle Time tCY(XTAL1)  50   ns 

ALE Pulse Width tW(ALE)  20   ns 

Address Valid to ALE Low tAVLL  10   ns 

ALE Low to RD or WR Low t(AL-RWL)  10   ns 

Register URR  2 x tCY(XTAL1)
RD Pulse Width tW(RD)

Other registers 10   
ns 

RD Low to Data Read Valid t(RL-DV)    50 ns 

WR/RD High to ALE High t(RWH-AH)  10   ns 

WR Pulse Width tW(WR)  10   ns 

Data Write Valid to WR Low t(DV-WL)  10   ns 

ALE

CS

D7–D0

RD

WR

ADDRESS ADDRESSDATA
(READ)

DATA
(WRITE)

tW(ALE)

tAVLL t(AL-RWL)

tW(RD)

t(RL-DV)

t(RWH-AH)

t(DV-WL)
t(RWH-AH)

tW(WR)
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t4

DATA IN

ADDRESS

WRITE
RELEASE
WITH CS

WRITE
RELEASE
WITH EN

t6

t7

t1

t8

DATA OUT

ADDRESS

CS

READ

WRITE

WR (EN)

RD (R/W)

AD3–AD0

D7–D0

CS

WR (EN)

CS

WR (EN)

RD (R/W)

AD3–AD0

D7–D0

t2 t3

t5

AC ELECTRICAL SPECIFICATIONS—TIMING PARAMETERS FOR NONMULTIPLEXED
PARALLEL BUS (READ AND WRITE)
(VDD = 3.3V, VDDA = 3.3V, TA = +25°C, unless otherwise noted.) (See Figure 2.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

RD High to CS Low t1 10 ns

Access Time CS Low to Data Out Valid t2 50 ns

CS High to Data Out High Impedance t3 10 ns

Data Valid to End of Write t4 10 ns

Data Hold Time t5 10 ns

RD Low to CS or WR Low t6 10 ns

Address Stable to CS or WR High t7 10 ns

Address to CS Low t8 10 ns
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AC ELECTRICAL SPECIFICATIONS—TIMING PARAMETERS FOR CONSECUTIVE
READ/WRITE TO URR/UTR/TOC
(VDD = 3.3V, VDDA = 3.3V, TA = +25°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

SEE FIGURE 3       

RD Pulse Width tW(RD)  10   ns 

RD Low to Bit CRED = 1 tRD(URR)
tW(RD) + 
2tCY(CLK)

tW(RD) + 
3tCY(CLK)

ns 

Set Time Bit FE tSB(FE)  10.5   ETU 

Set Time Bit RBF tSB(RBF)  10.5   ETU 

SEE FIGURE 4       

WR/CS Pulse Width tW(WR) (Note 4) 10   ns 

WR/CS Low to I/Ox Low tWR(UTR)
tW(WR) + 
2tCY(CLK)

tW(WR) + 
3tCY(CLK)

ns 

SEE FIGURE 5       

WR/CS Pulse Width tW(WR)  10   ns 

WR/CS High to Bit CRED = 1 tWR(TOC) (Notes 4 and 5) 1 / PSC  2 / PSC ETU 

tSB(RBF)

tW(RD)

tSB(FE)

I/Ox

RBF BIT

FE BIT

INT

RD

CRED BIT tRD(URR)

Note 4: Depends on the leading edge of WR or CS (whichever is deasserted first). Reference this specification to the rising edge
of CS/WR instead of the falling edge.

Note 5: PSC is the programmed prescaler value (31 or 32).
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tW(WR)

tWR(UTR)

I/Ox

TBE BIT

WR/CS

CRED BIT

INT

tWR(TOC)

tW(WR)WR/CS

CRED BIT
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1 RSTOUT

2 I/OAUX

3 I/OA

4 C8A

5 PRESA

6 C4A

7 GNDA

8 CLKA

9 VCCA

10 RSTA

11 I/OB

12 C8B

13 PRESB

14 C4B

15 GNDB

16 CLKB

17 VCCB

18 RSTB

19 GND

20 VUP
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21 CPA1

22 CPB1

23 VDDA

24 CPB2

25 AGND

26 CPA2

27 VDD

28–35 D0–D7

36 RD

37 WR

38 CS

39 ALE

40 INT

41 INTAUX

42–45 AD3–AD0

46, 47
XTAL2,
XTAL1

48 DELAY

CS WR RD RD
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–

CS

–
– CS

ANALOG
INTERFACE

POWER-SUPPLY
SUPERVISOR

CONTROL
SEQUENCERS

ISO
UART

DIGITAL
INTERFACE

CLOCK
GENERATION

TIMEOUT
COUNTER

GNDB
I/OB
C4B
C8B

PRESB
RSTB

INT
CS

INTAUX
I/OAUX

AD0
AD1
AD2
AD3
ALE
RD
WR
D0
D1
D2
D3
D4

CLKB
VCCB

GNDA
I/OA
C4A
C8A

PRESA
RSTA
CLKA
VCCA

RSTOUT
DELAY

VDD
GND

VDDA
AGND

VUP

DC-DC
 CONVERTER

CPA1
CPA2
CPB1
CPB2

D5
D6
D7

XTAL1

XTAL2

DS8007
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REGISTERS

0AD3–AD0

D3–D0

D7–D0

CS

RD

WR

LATCH

ALE

CS

RST

CONTROLLOGIC
OR

VDD

RST

1
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* RIU

–

–
–

ADDRESS 
(HEX) 

REGISTER 
NAME 

R/W BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 RESET RIU = 0* 

00 CSR R/W CSR7 CSR6 CSR5 CSR4 RIU SC3 SC2 SC1 0011 0000 0011 0uuu 

01 CCR R/W — — SHL CST SC AC2 AC1 AC0 0000 0000 00uu uuuu 

02 PDR R/W PD7 PD6 PD5 PD4 PD3 PD2 PD1 PD0 0000 0000 uuuu uuuu 

03 UCR2 R/W — 
DISTBE/ 

RBF 
DISAUX PDWN SAN AUTOC CKU PSC 0000 0000 uuuu uuuu 

05 GTR R/W GTR.7 GTR.6 GTR.5 GTR.4 GTR.3 GTR.2 GTR.1 GTR.0 0000 0000 uuuu uuuu 

06 UCR1 R/W FTE0 FIP — PROT T/R LCT SS CONV 0000 0000 0uuu 00uu 

07 PCR R/W — — C8 C4 1V8 RSTIN 3V/5V START 0011 0000 0011 uuuu 

08 TOC R/W TOC7 TOC6 TOC5 TOC4 TOC3 TOC2 TOC1 TOC0 0000 0000 0000 0000 

09 TOR1 W TOL7 TOL6 TOL5 TOL4 TOL3 TOL2 TOL1 TOL0 0000 0000 uuuu uuuu 

0A TOR2 W TOL15 TOL14 TOL13 TOL12 TOL11 TOL10 TOL9 TOL8 0000 0000 uuuu uuuu 

0B TOR3 W TOL23 TOL22 TOL21 TOL20 TOL19 TOL18 TOL17 TOL16 0000 0000 uuuu uuuu 

0C MSR R CLKSW FE BGT CRED PRB PRA INTAUX 
TBE/ 
RBF 

0101 0000 u1u1 uuu0 

0C FCR W — PEC2 PEC1 PEC0 FTE1 FL2 FL1 FL0 0000 0000 0uuu 0uuu 

0D URR R UR7 UR6 UR5 UR4 UR3 UR2 UR1 UR0 0000 0000 0000 0000 

0D UTR W UT7 UT6 UT5 UT4 UT3 UT2 UT1 UT0 0000 0000 0000 0000 

0E USR R TO3 TO2 TO1 EA PE OVR FER 
TBE/ 
RBF 

0000 0000 0000 0000 

0F HSR R — PRTLB PRTLA SUPL PRLB PRLA INTAUXL PTL 0001 0000 0uuu xxxu 
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RIU

7 6 5 4 3 2 1 0

Address 00h CSR7 CSR6 CSR5 CSR4 RIU SC3 SC2 SC1

R-0 R-0 R-1 R-1 RW-0 RW-0 RW-0 RW-0

RIU

7 6 5 4 3 2 1 0

Address 01h — — SHL CST SC AC2 AC1 AC0

R-0 R-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0

–

–

–
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–
–

• – – –

• – –

•

RIU

7 6 5 4 3 2 1 0

Address 02h PD7 PD6 PD5 PD4 PD3 PD2 PD1 PD0

RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0

RIU

7 6 5 4 3 2 1 0

Address 03h — DISTBE/RBF DISAUX PDWN SAN AUTOC CKU PSC

R-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0

INT
INT

INT
INT

INT

INT
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•

•

• CS
CS

•

• CS

INT

INT

AUTOC
AUTOC

AUTOC

– – –

–

RIU

7 6 5 4 3 2 1 0

Address 05h GTR.7 GTR.6 GTR.5 GTR.4 GTR.3 GTR.2 GTR.1 GTR.0

RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
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RIU

7 6 5 4 3 2 1 0

Address 06h FTE0 FIP — PROT T/R LCT SS CONV

R-0 RW-0 R-0 RW-0 RW-0 RW-0 RW-0 RW-0

RIU

RIU

AUTOC

AUTOC
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RIU
RIU

RIU

RIU

Ω

7 6 5 4 3 2 1 0

Address 07h — — C8 C4 1V8 RSTIN 3V/5V START

R-0 R-0 RW-1 RW-1 RW-0 RW-0 RW-0 RW-0

RIU

7 6 5 4 3 2 1 0

Address 08h TOC7 TOC6 TOC5 TOC4 TOC3 TOC2 TOC1 TOC0

RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0



____________________________________________________________________ 21

RIU

7 6 5 4 3 2 1 0

Address 0Ah TOL15 TOL14 TOL13 TOL12 TOL11 TOL10 TOL9 TOL8

W-0 W-0 W-0 W-0 W-0 W-0 W-0 W-0

RIU

7 6 5 4 3 2 1 0

Address 0Bh TOL23 TOL22 TOL21 TOL20 TOL19 TOL18 TOL17 TOL16

W-0 W-0 W-0 W-0 W-0 W-0 W-0 W-0

RIU

7 6 5 4 3 2 1 0

Address 09h TOL7 TOL6 TOL5 TOL4 TOL3 TOL2 TOL1 TOL0

W-0 W-0 W-0 W-0 W-0 W-0 W-0 W-0
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RIU

7 6 5 4 3 2 1 0

Address 0Ch CLKSW FE BGT CRED PRB PRA INTAUX TBE/RBF

R-0 R-1 R-0 R-1 R-0 R-0 R-0 R-0

• RD

• WR CS

• WR CS

•

•

•

• RIU

•

•

•
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RIU

7 6 5 4 3 2 1 0

Address 0Dh UR7/UT7 UR6/UT6 UR5/UT5 UR4/UT4 UR3/UT3 UR2/UT2 UR1/UT1 UR0/UT0

RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0

RIU

7 6 5 4 3 2 1 0

Address 0Ch — PEC2 PEC1 PEC0 FTE1 FL2 FL1 FL0

W-0 W-0 W-0 W-0 W-0 W-0 W-0 W-0

•
WR

•

•

–

–

– +
–

–

–
–
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INT

–

INT

–

–

INT

INT

RIU

RD μ

7 6 5 4 3 2 1 0

Address 0Eh TO3 TO2 TO1 EA PE OVR FER TBE/RBF

R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
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RIU

μ μ

7 6 5 4 3 2 1 0

Address 0Fh — PRTLB PRTLA SUPL PRLB PRLA INTAUXL PTL

R-0 R-0 R-0 R-1 R-0 R-0 R-0 R-0

INT

INT

INT

INT

INT

°
INT
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°

VOLTAGE (V)

VDDA SMART CARD VUP

< 2.4 X VDDA

2.4–3.5 5 5.7

3.5–5.5 5 5.7

5.5–6.0 5 VDDA

2.4–3.5 3.0 4.1

> 3.5 3.0 VDDA

2.4–6.0 1.8 VDDA
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VDD

DELAY

RSTOUT

INT

SUPL BIT

VRST = 2.1V TO 2.5V

VDRST = ~1.25V

RESULTING FROM
VDD < VRST

DELAY DRIVEN
LOW EXTERNALLY

SUPL BIT CLEARED BY HSR READ ONLY

tW
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START BIT

RSTIN BIT

RSTx

VUP

VCCx

CLKx

I/0x

C4x, C8x

ACTIVATION SEQUENCE
1. PCRx.START BIT IS SET BY SOFTWARE.
    CONDITIONS NEEDED (IN HARDWARE) ARE:
        MSR.PRx = 1 (CARD x PRESENT)
        HSR.PRTLx, SUPL, PRLx, PTL = 0
2. STEP-UP CONVERTER ACTIVATED (MAY ALREADY BE ON IF ANOTHER CARD WAS ACTIVE).
3. VCCx ENABLED TO 1.8V, 3V, OR 5V AS SELECTED BY PCRx.1V8 AND PCR.3V/5V BITS.
    VCCx RISES FROM 0V TO 1.8V, 3V, OR 5V WITH A CONTROLLED RISE TIME OF 0.17V/μs TYPICAL.
4. I/Ox IS PULLED HIGH. C4x, C8x ARE ALSO PULLED HIGH IF PCRx.C4 = 1, PCRx.C8 = 1
    (RESPECTIVELY). THESE PINS HAVE INTEGRATED PULLUPS (14kΩ FOR I/Ox AND
    10kΩ FOR C4x AND C8x) TO VCCx.
5. CLKx OUTPUT IS ENABLED AND RST OUTPUT IS ENABLED.
    (PCRx.RSTIN SHOULD BE "0" FOR ACTIVE-LOW RSTx.)
6. PCRx.RSTIN WRITTEN TO "1" BY SOFTWARE AFTER USING TOC TO TIME SUFFICIENT
    DURATION OF RSTx PIN ASSERTION.

DEACTIVATION SEQUENCE
1. PCRx.START BIT IS CLEARED BY SOFTWARE.
2. THE ACTIVE-LOW RSTx SIGNAL IS ASSERTED BY SOFTWARE.
3. THE CLKx SIGNAL IS STOPPED.
4. I/Ox, C4x, AND C8x FALL TO 0V.
5. VCCx IS DISABLED AND FALLS TO 0V WITH A TYPICAL RATE OF 0.17V/μs.
6. STEP-UP CONVERTER IS DEACTIVATED IF NOT IN USE BY ANOTHER CARD AND
    PINS CLKx, RSTx, I/Ox, AND VCCx BECOME LOW IMPEDANCE TO GROUND.

TIMING

ACCORDING TO PCRx.C4, PCRx.C8 BITS

VCCx NEEDS TO DECREASE TO LESS THAN 0.4V 

ACTIVATION NEEDS TO OCCUR IN UNDER 130μs

ACTIVATION SEQUENCE DEACTIVATION SEQUENCE

tACT tDE

1 2 3 4 5 1 2 3 4 5 66

t0 t1 t2 t3 t4 t5 t10 t11 t12 t13 t14 t15

UNDEFINED TS T0

μ
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μ

INT
INT

•

•

•

•

•

•

•

•

•

•

•

HSR.PRTLA

HSR.PRTLB
HSR.PRLA

HSR.PRLB

HSR.PTL
HSR.SUPL

USR.TO3

USR.TO1
USR.TO2

USR.EA

USR.OVR
USR.FER

USR.PE

HSR.INTAUXL

INTERRUPT
GENERATION

INT OUTPUT PINSCA, SCB, SCAUX

UCR2A.DISAUX

UCR2B.DISAUX

UCR2AUX.DISAUX

UCR2A.DISTBE/RBF

USR.TBE/RBF

UCR2B.DISTBE/RBF

UCR2AUX.DISTBE/RBF

SCA, SCB, SCAUX
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–
–

↔ ↔

TOC VALUE TOR3 TOR2 TOR1 DESCRIPTION

00h Stopped All counters are stopped.

05h Stopped
Start

Bit/Autoreload
Counters 3 and 2 are stopped. Counter 1 continues in start-
bit/autoreload mode for both transmission and reception.

61h Software Stopped

Counter 1 is stopped. Counters 3 and 2 form a 16-bit counter
operating in software mode. The counter is stopped by writing 00h to
the TOC register, and must be stopped before reloading new values
in TOR3 and TOR2 registers.

65h Software
Start

Bit/Autoreload

Counters 3 and 2 form a 16-bit counter operating in software mode.
Writing 05h to the TOC register before reloading new values in
TOR2/TOR3 stops the counters. Counter 1 is operated in start-
bit/autoreload mode. The TOR1 register may not change during the
count. The 16-bit counters are stopped by setting TOC = 05h. Both
counters are stopped by setting TOC = 00h.

68h Software

Counters 1,  2, and 3 form a 24-bit counter operating in software
mode. The counter starts after the command is written to the TOC
register, and is stopped by setting TOC = 00h. TOR3, TOR2, TOR1
cannot be changed without stopping the counter first.
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TOC VALUE TOR3 TOR2 TOR1 DESCRIPTION

71h Start Bit Stopped

Counter 1 is stopped. Counters 3 and 2 form a 16-bit counter
operating in start bit mode for both transmission and reception.
TOR3 and TOR2 registers can be changed during the count, the
current count is not affected, and the values are taken into account
at the next START bit detected on the I/Ox pin. Setting TOC = 00h
stops the counters.

75h Start Bit
Start

Bit/Autoreload

Counter 1 is an 8-bit counter in start-bit/autoreload mode for both
transmission and reception; counters 3 and 2 form a 16-bit counter
operating in start-bit mode for both transmission and reception. The
TOR1 register is not allowed to change during the count. TOR3,
TOR2 registers can be changed during the count, the current count
is not affected, and the values are taken into account at the next
START bit detected on the I/Ox pin. Setting TOC = 00h stops the
counters.

7Ch Start Bit

Counters 1/2/3 form a 24-bit counter operating in start-bit mode in
both transmission and reception. TOR3, TOR2 and TOR1 registers
can be changed during the count, the current count is not affected,
and the value is taken into account at the next START bit detected on
the I/Ox pin. Setting TOC = 00h stops the counter.

85h Stopped

Start
Bit/Autostop

(RCV);
Start

Bit/Autoreload
(XMT)

Counters 3 and 2 are stopped. Counter 1 is operated in start-
bit/autostop mode in reception and is stopped at the end of the 12th
ETU following the first received START bit detected on the I/Ox pin
unless the terminal count is reached first. Counter 1 operates in start-
bit/autoreload mode in transmission.

E5h Software

Start
Bit/Autostop

(RCV);
Start

Bit/Autoreload
(XMT)

Counters 3 and 2 form a 16-bit counter operating in software mode.
The counters are stopped by setting TOC = 05h before reloading
new values in TOR3 and TOR2 registers. Counter 1 is operated in
autostop mode in reception and is stopped at the end of the 12th
ETU following the first received START bit detected on the I/Ox pin
unless the terminal count is reached first. Counter 1 is operated in
start-bit/autoreload mode in transmission.

F1h
Start Bit/Autostop

(RCV);
Start Bit (XMT)

Stopped

Counter 1 is stopped. Counters 3 and 2 form a 16-bit counter. The
16-bit counter is operated in start-bit/auto-stop mode in reception
and is stopped at the end of the 12th ETU following the first received
START bit detected on the I/Ox pin unless the terminal count is
reached first; and the 16-bit counter is operated in start-bit mode in
transmission.

F5h
Start Bit/Autostop

(RCV);
Start Bit (XMT)

Start
Bit/Autostop

(RCV);
Start

Bit/Autoreload
(XMT)

Counter 1 is an 8-bit counter operating in start-bit/autostop mode in
reception and is stopped at the end of the 12th ETU following the
first received START bit detected on the I/Ox pin unless the terminal
count is reached first; and the 8-bit counter is operated in start-
bit/autoreload mode in transmission. Counters 3 and 2 form a 16-bit
counter operating in start-bit mode for transmission but operate in
start-bit/autostop mode in reception. Counters 3 and 2 are stopped
at the end of the 12th ETU following the first received START bit
detected on the I/Ox pin unless the terminal count is reached first;
the counters are stopped by setting TOC = 00h.
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RIU RIU

RIU

INT

INT

INT

–

–
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ETU = (F / D) x (1 / fCLKx)

CLOCK 
PRESCALER

PDR

/31: PSC = 0
/32: PSC = 1

PD7:PD0 =
00h TO FFh

CLOCK 
PRESCALER

GATE

PDR

/31: PSC = 0
/32: PSC = 1

PD7:PD0 =
00h TO FFh

CLR

(ALIGNED
ETU GENERATOR)

UCR2x.PSC
SOFTWARE

MODE

TO3, TO2, 
TO1

10.5 ETU
TO 15 ETU

10.25 ETU

ETU

ETU

EN TOC COUNTERS

CLK

EN FRACTIONAL ETU
COUNTERS

CLK

EN FRAME-ERROR- 
DETECTED COUNTER

CLK

0.5 ETU

0.25 ETU

CLR

UCR2x.CKU

fCLK
0

1

1

0

2 x fCLK

RSTx

START BIT



34 ____________________________________________________________________

TA(1).Fi Fi MAX CLKx (MHz) Fi = TA(1).Di Di

0000 372 4 31 x 12 0000 RFU

0001 372 5 31 x 12 0001 1

0010 558 6 31 x 18 0010 2

0011 744 8 31 x 24 0011 4

0100 1116 12 31 x 36 0100 8

0101 1488 16 31 x 48 0101 16

0110 1860 20 31 x 60 0110 32

0111 RFU — — 0111 RFU

1000 RFU — — 1000 RFU

1001 512 5 32 x 16 1001 12

1010 768 7.5 32 x 24 1010 20

1011 1024 10 32 x 32 1011 RFU

1100 1536 15 32 x 48 1100 RFU

1101 2048 20 32 x 64 1101 RFU

1110 RFU RFU — 1110 RFU

1111 RFU RFU — 1111 RFU

PDR SETTING FOR Di =
TA(1).Fi

PSC
0 = /31
1 = /32 0001 0010 0011 0100 0101 0110 1000 1001

0000 0 12 6 3 — — — 1 —

0001 0 12 6 3 — — — 1 —

0010 0 18 9 — — — — — —

0011 0 24 12 6 3 — — 2 —

0100 0 36 18 9 — — — 3 —

0101 0 48 24 12 6 3 — 4 —

0110 0 60 30 15 — — — 5 3

1001 1 16 8 4 2 1 — — —

1010 1 24 12 6 3 — — 2 —

1011 1 32 16 8 4 2 1 — —

1100 1 48 24 12 6 3 — 4 —

1101 1 64 32 16 8 4 2 — —
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TS CHARACTER
(CONVEYS CODING CONVENTION)

DIRECT CONVENTION (BYTE = 3Bh)

INVERSE CONVENTION (BYTE = 3Fh)

LSb

1 1 1 1 1 10 0 0

0 0 1 1 1 01 1 1

MSb

MSb LSb

ISO UART

URR

I/OA

I/OB

I/OAUX
fCLKx

2 x fCLKx

START DETECT
ETU

FIFO(8)

UTR

PDR.PD[7:0]
GTR.GTR.[7:0]
UCR1
UCR2

CSR.RIU
MSR.FE
MSR.BGT
MSR.TBE/RBF

USR.EA

FCR.PEC[2:0]

FCR.FL[2:0]

USR.PE
USR.OVR
USR.FER
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BLOCK GUARD TIME (BGT) COUNTER AND STATUS

BGT COUNTER ≠ 0:
- CLEAR BGT BIT
- RESTART BGT COUNTER
(e.g., 16 ETU FOR T = 0)

BGT COUNTER = 0 (STOPPED):
SET BGT BIT

BGT BIT

I/Ox



–

–

–
–
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LCT BIT WRITTEN TO 1 BY
SOFTWARE, THEN LOAD UTR.

LAST CHARACTER TO TRANSMIT

TBE REMAINS 0, LCT AND
T/R BITS ARE BOTH CLEARED

TO 0 BY HARDWARE.

PLAST CHARACTER LAST CHARACTERI/O

TBE/RBF BIT

LCT BIT

T/R BIT

P



–

–
–

–

–

–
–

–
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CHARACTER N

ERROR-SIGNAL GENERATION (T = 0 PROTOCOL ONLY)

PARITY BIT DOES NOT CHECK

IF (INCORRECT PARITY AND PEC ≠ 000b)
HARDWARE ERROR SIGNAL IS GENERATED
BETWEEN 10.5 ETU AND 11.5 ETU
AND DECREMENT PARITY COUNTER.

IF (CORRECT PARITY AND PE = 0)
RESET PARITY ERROR COUNTER TO 
ORIGINAL PEC2–PEC0 
PROGRAMMED VALUE.

ETU TIME =>          0         1       2         3         4        5         6         7         8       9         10        11        12      13      14       15

P PCHARACTER N (RETRANSMIT)

—



–

INT

–
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48 LQFP C48L+1 21-0054

china.maxim-ic.com/packages

WHEN START BIT  
IS ASSERTED 

EA BIT 
STATUS 

CHARACTER 
RECEIVED 

Between 0 and 200 clock 
cycles when RSTx = low 

0 No 

Between 200 and 368 clock 
cycles when RSTx = low 

1 Yes 

Between 368 and 400 clock 
cycles when RSTx = low 

0 Yes 

Within the first 368 clock 
cycles after RSTx = high 

1 Yes 

Between 368 and 400 clock 
cycles after RSTx = high 

0 Yes 

https://support.maxim-ic.com/cn/micro
https://support.maxim-ic.com/cn/micro
http://china.maxim-ic.com/packages
http://pdfserv.maxim-ic.com/package_dwgs/21-0054.PDF
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VB
AT

V5
0

VC
CO

VC
CO

DV
DD

C2 10
μ

F

C1 0.
1μ

F

C6 0.
1μ

F

C1
2

0.
1μ

F

R4 10
kΩ

R2 10
kΩ

R3 10
kΩ

C1
4

0.
1μ

F

C1
1

0.
1μ

F

C4 0.
22
μ

F

C8 0.
22
μ

F

C7 0.
22
μ

F

C5 10
μ

F

C3 0.
1μ

F
AV

DD

VD
D

VD
D

RS
T

SD
I

CA
RD

 S
OC

KE
T

SA
M

 S
OC

KE
T

IN
T

40

AL
E

39

AD
0

45

AD
1

44

AD
2

43
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3

42

RD
36

W
R

37

D0
28

D1
29

D2
30

D3
31

D5
33

D6
34

D7
35

CS
38

I/O
AU

X
2

IN
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UX
41

XT
AL

1
47
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46

VD
DA

23

CP
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21

CP
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26
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22
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24
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P

20
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A

6
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1
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14
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7

1
A1

6
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A1
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3

A1
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4
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5
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31 32
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.0

/R
XD
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/T
XD

38
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/IN
T0

39

P3
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